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ABSTRACT 


Based on selected ecological considerations and 
environmental parameters, a generalized coverage of 
the applicability of present day oil spill technology, 
to the Arctic is presented. The present mode of approach 
for combating oil spills is highlighted and the challenge of 


the many problems awaiting solution is elucidated. 
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TERRESTRIAL SPILLAGE OF OIL IN THE ARCTIC 


GENERAL 


The topic of this paper concerns oil spills in the | 
arctic which emanate from a terrestrial environment. One 
of the major concerns in such spills is the emanant danger 
of land based spills migrating via drainage channels into 
the aquatic environment (lakes, streams and rivers) and 
via these to the marine environment. Because of the 
increased damage factor, considerable thought is given to 
treatment of oil in aquatic and marine environments and 


the necessity of well defined spill plans is emphasized. 


This paper finds its technical basis from both 


literature and field investigations performed for two of 
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the major oil companies involved in oil exploration in the | 
arctic archipelago. These studies culminated in the 
development of oil spill contingency plans to lessen the | 
potential environmental damage from an oil spill. | 
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PREVENTION 


| 

Undoubtedly the well known axium that "Prevention is 

I 

{ 

the best form of cure" ‘is nowhere more applicable than with 
regard to Arctic Oil Spills. By far the best method of 


controlling oil spill damage is preventing the spill in the 
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first place. Containment and countermeasures, regardless 
of how well conceived and executed, are at best second 


class. 


Research in blow-out prevention has reached a highly 
technical and sophisticated level and provides for most 


eventualities. 


Unfortunately most of the oil spills and "wild-cat" 
blow-outs can still be attributed to "human error" such 
as "mudding up too late". Unfortunately human error is 
not a factor that can be disregarded and thus we must 
consider the aspects of oil containment and treatment. These 
aspects can logically be divided into three further sections: 
a. Pre-spill containment plans b. spill containment and 


c. cleanup treatment and disposal. 


PRE-SPILL CONTAINMENT PLAN © 


In order to expedite action activities and thus reduce 
environmental damage, a set of pre-spill plans should be 
formulated which define both the engineering and ecological 


considerations of the specific area. 


Such a study requires a site visitation of an engineer 


and ecologist working together to provide the following 
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information: 


- a rough contour map giving locations of important 


aspects 


- potential areas such as natural depressions, where 
primary and secondary containment may be implemented. 
These should be selected so as to provide the minimum 
amount of environmental disturbance but still provide 
the minimum amount of environmental disturbance but 
still provide adequate facilities to handle a large 
spill. 

-requirements for dam construction, directional 
ditching, etc. 

-sources and value of fill materials 

~necessary equipment and estimates of time and 
manpower requirement to implement above action 

plans 

-containment and capabilities in terms of number of 
gallons of crude oil 

-ecological sensitivity of areas around drill site with 
particular reference to the containment areas where 
activity would be the greatest. These should include 


evaluations of the vegetation, soils, and wildlife 


and the relationship of these areas to the overall 
_ecology of the area 


! 
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-an evaluation of the overall environmental impact of 
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the prescribed containment areas should such a 
containment operation be necessary 

-recommendations as to how this overall impact may be 
reduced to a minimum 


-further, an evaluation of broader potential danger 


areas should be considered in case of failure or 


inadequacy of the proposed program. 
SPILL CONTAINMENT EMERGENCY ACTIVITIES 


Once a pre-site plan has been developed, emergency 


operation should ideally be routine, thus expediting the 


containment and consequently diminishing the environmental 
damage and facilitating the implementation of easier 

cleanup and disposal. In order for such a scheme to become 
routine, frequent emergency drills and educational programs 


must be conducted at the well site. 


CLEANUP AND DISPOSAL 


Given the situation that despite all possible efforts 
at well control, a blowout does occur and containment has 
been rapidly and effectively established on the escapage, the 
fact remains that some form of cleanup will be required and 
that a disposal problem will exist. If containment is in- 


adequate then a cleanup and disposal problem of mammoth 
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proportion will be the result. The options available for 
cleanup and disposal of oil spillage include the use of 
various chemical or physical treating agents, the use of 
equipment and/or manpower to collect and physically remove 
the spillage, and the possibilities of employing combustion, 
burial, or abandonment. All cleanup and disposal methods, 
as with containment procedures before them, must be 
evaluated with respect to possible "secondary pollutive 
effects" which, in certain circumstances, might be more 


damaging to the environment than the oil itself. 


It is beyond the scope of this paper to evaluate the 
whole spectrum of marketed products for oil spill clean-up 
and disposal; however, there exists a number of broad 
categories into which these may be grouped based upon the 


use of physical, chemical or biological means. 


A. PHYSICAL 


Once the oil has accumulated in the containment areas 
the most rapid and effective method of cleanup is the use of 


physical means of removal due to the concentration of the oil. 


1. Skimmers and vacuum systems: 


Vacuum systems would be the most effective method of rapidly 
removing the bulk of the crude from the containment areas to 


an area where it can satisfactorily be disposed of. One 
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potential problem with the use of these systems in the 

arctic is the ambient air temperature which may cool the 

crude below its pour point and thus yield it as unpumpable. 
This system however would probably be functional on the lighter 
hydrocarbon fractions or during the summer months when the 

heat source from solar radiation is very high. Skimmers 

and apparatus such as the "Slicklicker" would be faced with 
Similar problems as a straight pumping system. These would 
find major use under terrestrial conditions where oil and 


water are mixed. 


2. Heavy Equipment: 


Heavy equipment such as graders, track vehicles, front 

end loaders and trucks may be very effective in the physical 
removal of oil and contaminated material. These are 

usually readily available at any particular drill site. This 
equipment however poses a whole new set of problems which 

are of a secondary impact nature; namely the physical damage 


from movement of equipment over the terrain. 


This secondary impact is not usually a serious problem in the 
winter months when the ground is frozen but it has critical 
limitations during the summer months when a considerable 


active layer exists. 
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B. CHEMICAL 


Dispersants 


The use of dispersants is applicable principally to 
an oil spill on water, however, they may find applications 
during the terminal stages of cleanup on land if used in 
conjunction with biological oxidation. Once the majority 
of the oil has been removed using other methods, the dis- 
persants can be applied to disperse the remaining oil 
throughout the solum and thus provide a large surface area 
for microbial breakdown. There are two major drawbacks to 
the use of dispersants in the arctic. First, in order to 
be effective the soil and air temperature would have to be 
sufficiently high to maintain the oil above its pour point 
and second, the dispersants currently in use vary greatly 
in their toxicity, thus possibly causing considerable 


environmental damage themselves. 


Gelling Agents 


Under normal arctic conditions, the use of a gelling 
agent may not be necessary for most crudes. The formation 
of an induced gell requires a significant amount of material 
which is expensive as well as being potentially toxic. In 


addition, the work required to broadcast the material and 
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then mix it with the oil is’ significant compared with the 
work involved in physically picking the oil up. Thus — 


despite some potential, the usefulness of gelling agents 


must be regarded as unlikely for the arctic oil spill. 


Sinkants 


They involve the distribution of a particulate material 


over an oil slick so that the oil sinkant particle attains a 


density sufficient to allow it to reach the bottom of the 
water body. Typical materials have a hydrophobic-oleophylic 


surface to inhibit direct sinking of the agent - and to 


Sinking does not remove the oil from the ecosystem, it 
simply removes it from sight. The rational in using a 
Sinkant at all is that the material, once on the bottom, will 
be degraded by micro-organisms. However, most hydrocarbon 
oxidizing micro-organisms require free or dissolved oxygen 
and nutrients. At or near the bottom both oxygen and 
nutrient supply would likely soon become limiting factors 
Since in the arctic waters there is very little mixing of 
surface water and the water at depth. In addition, the 
temperatuer of the water at depth, while it is sometimes 
higher than that at the surface, varies hardly at all; the 
normal range is 29-32° F. Microbial activity, although 


promote wetting by and incorporation into the oil. 
| 
| 
possible, would be extremely slow. Logistics problems would 
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be further amplified by the fact that treatment ratios of 

1:1 to 3:1 (weight of sinking agent to weight of oil 

treated) are common. Thus there appears to be little 

doubt that this technique is unworkable and undesirable in the 


arctic. 


Sorbents 


Sorbents can be used to soak up oil on land or water. 


The effectiveness of particulate sorbents depends primarily 


upcn surface area, particle size and other surface 
characteristics. The effectiveness of porous sorbents 
depends upon the surface tensions and viscosity. These two 


parameters are modified greatly by ambient conditions; 


On land, the sorbent can be applied directly to the 
spill or alternatively, a sorbent such as straw or peat moss 


can be applied as much to an area likely to suffer contamina- 


| 
| 
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temperature is of over-riding importance. | 
| 


tion. This practice facilitates the pickup operation as 

well as lessening the potential for damage. Some sorbents, such 
as peat moss, will serve the additional function of acting 

as wicking agents in a post clean up burning operation. 


’ | 

C. BIOLOGICAL OXIDATION AIDS | 
The spillage of oil in the environment could eventually | 

| 
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be degraded by natural microbial activity. More than one 
hundred species of bacteria, yeasts, fungi and other 
micro-organisms can utilize oil as a carbon and/or energy 
source. Hydrocarbons are consumed by micro-organisms and are 


either metabolized to carbon dioxide and water or used to 


build biomass. Once the oil is utilized the micro-organisms 


either die or enter the food chain of larger animals. 
Biological activity depends upon the temperature, the 
availability of nutrients, the availability of oxygen, and the 


presence of a suitable energy and carbon source. 


It may be possible to accelerate the rate of microbial 


ACTIVICY by: 


1. Seeding the oil apillage with specialized, oil specific, 


psychrophilic strains of micro-organisms. 


2. Providing inorganic nutrients (directly usable nitrogen 


and phosphorous sources). 


The prospect of accelerating the natural process in this 
way is currently under study. It is premature to decide if 
the technique will ever be of significance either in the 


arctic water or land environment. The naturally low nutrient 


levels, the low temperature, and the low density and variety 
of indigenuous micro-organisms contribute to the present 


slow pace of microbial activity in the arctic. 
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Combustion as_a Cleanup and/or Disposal Option 


The Combustion Process 


Combustion consists of ignition, vaporization of the 
fuel, mixing of air with the fuel vapour, sustained 
oxidation, and extinguishment. Each step in the process 


is unique and presents its own problems. Ignition is made 
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difficult through the loss of the volatile components of 

the crude oil upon release and during any weathering which 
might take place. For sustained burning, heat balance 
requirements are such that the release of energy be 

sufficient to vaporize additional crude from a melt pool. 

In spite of the difficulties which are involved, burning 
offers an attractive means of disposing of large amounts of 
oil spilled in the arctic environment, with the following 
advantages: 

1. Capacity~-Burning offers the physical capacity to deal 

with large spills for remote Arctic operations. 

2. Speed - once combustion is chosen as the disposal method 

a possible "burn" can be completed quickly. Such parameters 
as wind, spill thickness, weathering and the use of combustion 
promoters may affect the unit surface rate of burning. 

3. Low cost - burning offers a relatively low cost alternative 
for the disposal of the bulk of a spill. 

4. Limited experimentation suggests that the residue of a 


burn on ice amounts to between 2 and 10 per cent of the 
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original volume. 


Combustion on land or ice 


The fact that combustion will release a large amount of 


| 

| 
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heat will result in the melting of ice and frozen tundra in | 

| 
localized areas. This melting will produce channels which 

| 


will drain water and burning oil to lower areas. To 
control the combustion, foresight must be used to predict 
the course of drainage and to ensure that the initial burning 


is conducted properly. 


Ignition may prove to be a problem; limited Arctic 
experience with indigenous crudes indicates that it might be 
easily achieved by employing gasoline or diesel soaked rags. 
The need for specialized ignition procedures, using com- 
bustion promoters is, however, a very real possibility, 
depending upon the physical and chemical characteristics of 


Pheri. 


As melt pools are formed and the oil layer thins, the 
problem of sustaining combustion occurs due to conductive 
heat transfer to the water heat sink. The use of promoters 


or combustion aids such as wicking agents is a possible 
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solution. 


OPERATIONAL LOGISTICS 


Once any of the previously discussed treating agents 
have been selected the problem of logistics comes into play. 
This is a major consideration in the arctic where 
transportation costs are high and availability is minimal. 
In addition to transportation considerations, problems 
frequently arise from the requirements of specialized equipment 


for the application of treating agents. 


PIPELINE OIL SPILLS 


The preceeding discussion has dealt mainly with 
terrestrial arctic oil spills associated with well site 
mishappenings or other types where the potential danger point 
is within a small area. When potential arctic pipelines are 
considered as a source of oil spills the number of problems 
are greatly magnified: the potential source of the spill is 
unknown;. type of terrain is highly variable in its sensitivity; 
and detection of spills is more complex. Most of the treating 
agents and ecological considerations are applicable to 


terrestrial pipeline spills. 


SUMMARY AND CONCLUSIONS 


1. Prevention is the best solution to oil spills and 


containment and cleanup is at best a poor second choice. 
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Blowout prevention during drilling is a highly refined 
science and has the capability of totally preventing blowouts. 


Human error is usually the reason behind all oilspills. 


2. An individual oil contingency spill plan for each drill 
site would greatly improve the efficiency of dealing with an 
oil spill mishappening. These plans should incorporate both 
engineering and ecological considerations dealing with the 
action to be conducted in an emergency and the environmental 
sensitivity of the surrounding ecosystems. Implementation of 
such plans would greatly reduce the environmental damage caused 


by an oil spill. 


3. The initial treatment of a terrestrial oil spill would 
probably be most effectively handled using physical means 


such as vacuum systems or heavy equipment. 


4. Chemical treating agents are highly variable in their 

properties and also in their environmental toxicity. Their 
application and efficiency for terrestrial OL osplLilesinecne 
arctic is somewhat limited by the inclement conditions under 


which they must function. 


5. The inclemency of the arctic environment is also a 


limiting factor in the use of biological oxidation agents. 


6. Burning may still be one of the most effective methods of 
oil spill cleanup and disposal providing that sufficient heat 
of combustion can be supplied to begin and sustain the 


combustion process. 
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TECHNICAL AND OPERATIONAL GAPS 


Experience with large terrestrial oil spills in the 
arctic is still only a potential, though highly possible 
danger. However it is the desire of all that we be 
technically prepared for such, if the need arises. Gaps in 
technology do exist which must be filled. Some solutions to 
these gaps are the sole responsibility of industry itself, some 
are of interest to the government in the proper discharge of 
its function to protect the public interest, and a number of 
tasks are, perhaps of academic interest. The following are 


comments resulting from our involvement. 


1. A portable, easy to construct containment wall, for use 

in barren or flat areas where natural material is unavailable, 
should be developed. This task is largely developmental, 
involving; materials, fasteners, skirting details, anchor 
details, and structural supports. Important are the operational 
aspects of construction manpower and time to erect require- 


ments. 


2. More complete climatic physical data would be useful. 
The available information is by necessity contoured to too 


large a scale to be generally useful. 


3. An empirical spreading model suitable for plugging in to 
the actual drilling site situation should be developed. An 


order of magnitude or better knowledge of the rate of 
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spreading, would allow the various tasks which might be 
involved in a particular area containment scheme to be 


performed at the proper pace. 


4, A major area worthy of investigation is in the in-situ 


or natural draft burning of crude oil under arctic conditions. 


Many specific areas of both technical and ecological concern 


are either unknown or are inadequately quantified. Additionally 
the operational procedures would, at this point in time, need 


to be developed from the beginning. 


5. Associated with the previous subject is the development 

of suitable incineration equipment. The design development of 
existing high capacity equipment, such as the oil well test 
units referred to earlier, would include: specialized heat 
shielding, the use of waste heat in liquifying the sludge or 
gell-like feed stock, a solids removal system, possibly a 


water supply system, and portability aspects. 


6. Proven monitoring and surveillance instrumentation is 
lacking. During the arctic "night" the monitoring of the 
effectiveness of containment structures, particularly if 
snow has recently fallen, is a potential problem. The 
provision of overall, actively motivated, "image" sensing 


equipment to accomplish this and other surveillance functions 


would be useful both in the present exploratory phase and 
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later in a possible production phase. 


7. The possibilities and difficulties involved in "burial" 
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as a disposal option should be assessed in relation to soil 
type, etc. A prejudgment by soil type is quite feasible but 


does not exist. 


8, The availability of northern peat resources, their 
suitability as a sorbent wicking agent, and the possible 


establishment of at least one N.W.T. depot should be pursued. 


9. The possibility and best use of artificial membranes 
to seal dikes or spill areas, as well as normal tank farm or 
bladder farm facilities, should be assessed from a material 


standpoint. 
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